The cancer conundrum. by Cahow, K
Focus
In the United States, the
alarming statistics concerning
cancer are that in a few short
years it will surpass heart disease '
as the predominant cause of death 3
in this country, one in three people
will be diagnosed with it in their lifetime,
and one in five will die from it. A large
proportion of cancer deaths can be attrib-
uted to lifestyle factors such as tobacco use
and diet and thus are avoidable. Still others
may be linked to occupational and envi-
ronmental exposures that individuals have
little or no control over.
In an effort to reduce this enormous
cancer burden, the United States mandated
the National Cancer Act of 1971. More
than two decades later, gains have been
made but the eradication ofcancer remains
an elusive goal. Even when cancers caused
by smoking are disregarded and the aging
of the U.S. population is taken into ac-
count, an upward trend of malignancy is
still evident, though researchers debate
whether seeming increases in incidences are
real or due to improved diagnosis, and
opinions vary on cancer causation. "Wheth-
er or not the rates are rising or falling does
not seem to me a debatable issue," says
Philip Cole, a professor ofepidemiology at
the University of Alabama, Birmingham.
"Some rates are rising, some are falling,
some are steady. This is a
factual observation. What is
debatable might be whether
or not the seeming rise is
real, or whether or not the
seeming declines are real,
andwhat each is due to."
Cole's mention of
"a
factual observation" refers to
the recent effort ofa team of
researchers at the National
Cancer Institute to identify Susan S. Deve
cancers accounting for rising es in cancer ir
incidence rates, quantify notduetoenvir
Xsa-
incid
ronm
changes that have occurred regarding inci-
dence from the mid-1970s to early 1990s,
and contrast incidence and mortality
trends to provide clues to the determinants
oftemporal patterns. Cancer incidence and
mortality rates were collected from 1987 to
1991 and compared to those from 1975 to
1979. Findings ofthe study were published
in the 1 February 1995 issue oftheJournal
oftheNational CancerInstitute.
The team used data from the latest edi-
tion of NCI's annual update ofcancer sta-
tistics, compiled by the SEER Program
(Surveillance, Epidemiology, and End
Results), which has monitored the occur-
rence of cancer and survival of patients
since 1973. The update reports and sum-
marizes cancer's impact on the U.S. popula-
tion and monitors statistics to assess
progress and identify areas where control
efforts should be concentrated. The NCI
researchers found that trends in cancer dif-
-fi Ofer according to the type of dis- kg4|i aease and, although mortality
rates for all cancers combined
> have risen among men and
iwomen, mostly due to increases
in lung cancer mortality, death
rates for the majority of cancers
are steady or declining. Re-
searchers attributed the declines
primarily to changes in lifestyle,
earlier detection of disease, and
-Increas- improved treatment.
lence are The JNCI article also con-
ient. cluded that the incidence of
breast cancer in women
;6 t and prostate cancer in men
rose dramatically during the
- period ofthe study, due largely
to increased detection, and that
several types ofcancer are becoming
more common for reasons that are
unclear. Ofparticular concern are increased
incidences of non-Hodgkin's lymphoma
and brain, kidney, bladder, and testicular
cancers.
The Causation Debate
Researchers have put forth a variety ofthe-
ories for the increased incidence of some
cancers, including a population that is
growing and aging, better screening tech-
niques, earlier diagnosis, and the impact of
environmental and occupational exposure
to chemicals. The latter is probably the
most controversial of these theories and
divides the players in the debate.
"Cancer is an important public health
problem in this country," says Susan S.
Devesa, team leader ofthe NCI study and
chief of the Descriptive Studies Section of
the Epidemiology and Biostatistics
Program at NCI. "But, with respect to the
concern that we might be having large
increases in cancer incidence due to envi-
ronmental influences, I think our studies
show that is not the case."
Overall, Cole agrees with Devesa, and
chides those who predict an impending
cancer disaster. In his February 1 editorial
in JNCI, titled "The Evolving Picture of
Cancer in America," Cole suggests that
over the past 20 years the popular media
and some scientific literature have impli-
cated the pollution ofthe general environ-
ment as causing cancer incidence to
increase. He stresses that these "pro-
nouncements" contained sensational ele-
ments and resulted in the call for more
stringent environmental regulations.
Ultimately, Cole does not deny that our air
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and water contain substances labeled as
carcinogenic by various agencies. He does,
however, challenge the validity of such
evaluations. "What is not correct is that
these airborne or waterborne levels of car-
cinogens have been shown to cause cancer
in human beings," says Cole.
According to David P. Rall, retired
assistant surgeon general with the Public
Health Service and former director of the
NIEHS, there is no such thing as proof
when it comes to assessing the impact of
potential environmental and occupational
carcinogens on human health. "That's the
real problem," Rall says. "Nobody knows
how much environmental and occupational
chemicals affect the overall cancer rate.
Epidemiological studies have such a high
threshold that it's very difficult to prove
anything." With the burden of proof in
mind, Rall believes that more effective epi-
demiology studies are needed, and he ques-
tions the contention made by Devesa and
others that increased screening accounts for
most ofthe recent increases in cancer inci-
dence. "The increase in incidence has been
steady, and ifin fact this were due to better
technology, the incidence should have gone
up in jumps as CAT scans and magnetic
resonance imaging were developed. That
didn't seem to happen," he says.
According to the National
CancerAdvisory Board (NCAB)
in the September 1994 report,
Cancer at a Crossroads: A Report
to Congressfor the Nation, "We
are just beginning to under-
stand the full range of health
effects resulting from the expo-
sure to occupational and envi-
ronmental agents and factors."
Consequently, the NCAB sug-
gests the elimination or reduc- David P. R
tion ofexposure to carcinogenic knows how cl
agents, including pesticides and cancer rates.
other synthetic chemicals, as a
priority in the prevention ofcancer.
Bruce Ames, director of the Environ-
mental Health Sciences Center at the
University of California at Berkeley,
believes such measures could result in sub-
stantial increases in the risk ofcancer. Ames
firmly believes that pesticides are one of
the major public health advances of this
century. He contends that one-quarter of
the U.S. population's intake offresh fruits
and vegetables is inadequate, and that con-
sequently their chromosomes are breaking
down due to a lack of the vitamins folic
acid and ascorbic acid. Ames says the elim-
ination ofpesticides would promote cancer
risk because fruit and vegetable prices
would increase, and fewer
z people would be able to buy
fruits and vegetables.
In a chapter in the book,
The True State ofthe Planet
(Free Press, 1995), Ames
writes, "Because of their
unusual lipophilicity and
long environmental persis-
tence, there has been particu-
lar concern for a small group
II-No one of polychlorinated synthetic
micals affect chemicals, such as DDT and
PCBs." Ames states that
there is no convincing epi-
demiological evidence and little toxicologi-
cal plausibility that the levels of these
chemicals found in the environment are
likely to be a significant contributor to
cancer.
"Of course we need rules to use these
chemicals, but we don't need t.o spend
2-5% of the gross domestic product chas-
ing after parts per billion [levels] that are
not going to have anything to do with
causing cancer," says Ames. "People are
getting distracted with a million hypotheti-
cal risks that aren't really risks. A lot of
money is being spent because it's been
hyped up that the chemical industry is giv-
ing people cancer. There are a lot ofpeople
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that have a big self-interest in this hype,
and there's really no evidence to support it;
it's implausible."
Another voice that is rarely heard in
the debate on cancer, but one which pro-
vides a different perspective on the impact
of environmental and occupational factors
on cancer, is that of the ecologist, says
Sandra Steingraber. Steingraber, a biologist
at Northeastern University whose focus is
in community ecology, is the author of a
forthcoming book on cancer and the envi-
ronment. She says that ecology, a disci-
pline that struggles to make sense ofmulti-
ple effects and exposures, offers great
insight into cancers because they are
caused by multiple factors and are subject
to a kaleidoscope of changing
events.
"You miss a lot of the bigger
picture of cancer if you take a
kind of physics approach to it,"
Steingraber says. "Often very
small changes are exerted over
longperiods oftime thateventual-
lyaccumulate and create very dra-
maticchanges in theecosystem."
Steingraber offers Rachel
Carson as an example ofa scien- Bruce Am
tist whose ecological approach to getting dis
wildlife biology resulted in some thetical ris
startling realizations that were a
wake-up call to American society after
World War II. "No one before her grasped
the significance of . . . blanketing the
countryside with pesticides, ofwhat poten-
tial human health effects might be trig-
gered . . . through routes that seem now
very obvious to us," she says. "It took an
ecologist's more holistic perspective, some-
body who was used to thinking and
trained to think about multiple pathways
and indirect effects to bring this into the
picture."
nes-
stra
;ks.
The Evidence
As scientists choose sides in this increasing-
ly strong debate, there is one point that
few choose to argue: chemicals that can
potentially affect the risk ofhuman cancer
are everywhere-in the food we eat, the
water we drink, the air we breathe.
Researchers worldwide are continually
uncovering evidence that pesticides, toxic
air pollutants, heavy metals, and various
forms of radiation can promote cancer in
humans.
Persistent pesticides. Certainly, great
benefits have been derived from agrochem-
icals and pesticides, not the least ofwhich
is the ability to produce large amounts of
food crops at a savings of millions of dol-
lars a year. At the same time, scientific lit-
erature is replete with evidence of the car-
cinogenic properties of various pesticide
chemicals. For example, organophosphate
insecticides have been linked with a risk for
non-Hodkgin's lymphoma, and organo-
chlorines, including DDT, have been asso-
ciated with leukemia. Animal and epidemi-
ological studies have shown an association
between non-Hodgkin's lymphoma and
brain and kidney cancer and exposure to
pesticides or solvents such as gasoline.
Research on farmers' health has shown
that though they tend to live longer and
healthier lives than the general population
and have impressively low rates ofheart dis-
ease and other ailments, for decades farmers
have exceeded the national average for cer-
tain cancers, including leukemia, multiple
. myeloma, non-Hodgkin's
lymphoma, and cancers of
6 the brain, prostate, stomach,
skin, and lip. NCI research-
ers believe that such labora-
tory and epidemiological
findings may suggest broad-
er public health implica-
P tions, as several of the
malignancies associated with
farmers appear to be on the
-People are rise in the general popula-
cted by hypo- tions ofseveral countries.
"In addition to pesti-
cides, farmers incur chronic
exposures to potentially harmful com-
pounds, such as engine exhausts, chemical
solvents, fuels, animal viruses, and sun-
light," says Devra Lee Davis, a presidential
appointee to the National Chemical Safety
Board and a senior advisor in the Depart-
ment of Health and Human Services.
"Could increasing exposures to similar
materials in the general population account
for the fact that some cancers that are ele-
vated in farmers are also increasing in
developed countries?"
The Agricultural Health Study, a joint
project ofthe NCI, EPA, and NIEHS, ini-
tiated in January 1993, is the nation's
largest epidemiological study of farmers
and their families to date. Over a 10-year
period, investigators will work to identify
and assess factors that may account for
these cancer excesses among farmers.
In a number oflaboratories around the
world, researchers are finding evidence that
some chemicals used in pesticides may
contribute to cancer risk by mimicking the
effects of the hormone estrogen in the
body. Cancers that develop in reproductive
tissues, such as breast, ovary, endometri-
um, and prostate, are dependent on an
interactive network of various hormones,
including estrogen, for their structural and
functional development. Findings suggest
that pesticides such as DDT, hepnachlor,
and atrazine, as well as several polycyclic
aromatic hydrocarbons, petroleum by-
products, and PCBs, possess estrogenic
properties.
"We are particularly concerned about
materials called xenoestrogens, a number
of persistent, widespread environmental
chemicals that have clearly been demon-
strated to disrupt the endocrine system
experimentally," says Davis, who, along
with colleagues Erin Blair and Joseph
Fraumeni ofNCI, coined the term "xenoe-
strogen" in 1993. "When exposed to them,
the body alters the production and metab-
olism of its natural levels of estradiols."
Davis is a key architect of the theory that
xenoestrogens are a preventable cause of
breast cancer. She says that evidence impli-
cating xenoestrogens as a factor in the cau-
sation of breast cancers includes cell cul-
ture experiments, animal experiments, and
human and wildlife observations.
Conclusions of recent animal studies
have indicated a relationship between the
level and duration of estrogen exposure
and tumor development in hormonally
sensitive tissues and between environmen-
tal estrogens and testicular abnormalities
similar to those reported to be on the rise
in men, which include not only cancers,
but undescended testicles and defective
sperm. Decreases in sperm quality in oth-
erwise healthy men over the past several
decades have been reported worldwide.
"Taken together, this growing body ofevi-
dence suggests that environmental factors
that resemble female sex hormones may be
having an adverse effect on the reproduc-
tive health and well being of diverse
species," Davis says.
Air pollution. Many air pollutants
affect the mucous membranes ofthe respi-
ratory tract and can contribute to the
occurrence or aggravation of disease,
including lung cancer, the leading cause of
cancer deaths in the United States.
Ofthe tons ofmaterial emitted annual-
ly into the air, five major pollutants
account for close to 98% of overall pollu-
tion. These are carbon monoxide (52%),
sulfur oxides (18%), hydrocarbons (12%),
particulate matter (10%), and nitrogen
oxides (6%). In regard to the contribution
ofthese pollutants to cancer, the weight of
evidence varies from limited to substantial.
According to Steingraber, ofthese five sub-
stances, it's difficult to discern which ones
contribute to the growth ofspecific cancers
in humans because people are typically
exposed to them simultaneously.
"It's rare that you can go someplace in
the world where you've got a lot of partic-
ulate matter but no hydrocarbon vapors, or
a lot ofsulfur dioxide but no particulates,"
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Steingraber says. "In urban environments
these substances come as a package.
Therefore, the best we can do in human
studies is attempt to determine ifair pollu-
tion and lung cancer or air pollution and
other kinds ofcancers are associated."
Steingraber points out that though air
pollution alone may be a weak carcinogen,
it may be a significant factor in encourag-
ing the growth and spread ofcancer when
mixed with exposures to other substances,
such as the indoor air pollutants formalde-
hyde and tobacco smoke.
"Air pollution may contribute to a lot
of cancers, but only because it's the straw
that breaks the camel's back," she says.
"There is some evidence from animal stud-
ies indicating that air pollutants, such as
nitrogen dioxide, encourage more rapid
growth and dissemination from cancer,
perhaps by making the lungs more vulner-
able to metastases from other primary
tumors. The relevance of these studies to
humans has yet to be shown."
Despite this uncertainty, available data
indicate numerous toxic air pollutants may
be important contributors to cancer inci-
dence. These pollutants include metals
such as chromium and arsenic, asbestos,
products of incomplete combustion,
formaldehyde, benzene, ethylene oxide,
gasoline vapors, and chlorinated com-
pounds such as chloroform, carbon tetra-
chloride, and trichloroethylene.
Environmental tobacco smoke. On 7
January 1992, the EPA released a report in
which environmental tobacco smoke
(ETS) was classified as a group A carcino-
gen-a category reserved for the most dan-
gerous cancer-causing agents in humans,
such as asbestos, benzene, and radon. The
report, Respiratory Health Effects ofPassive
Smoking: Lung Cancerand Other Disorders,
indicated that in 24 out of30 independent
studies, an increased risk of lung cancer
from secondhand smoke was observed in
nonsmokers. EPA scientists estimate that
ETS causes about 3,000 lung cancer deaths
each year.
ETS is the combination of sidestream
smoke (smoke emitted between puffs of a
burning cigarette, pipe, or cigar) and
smoke that is exhaled by the smoker. ETS
contains essentially all the same carcino-
genic and toxic agents that have been iden-
tified in mainstream smoke inhaled by
smokers. Of the 4,000 individual com-
pounds identified in tobacco and tobacco
smoke, about 60 have been identified as
carcinogens, tumor initiators, and tumor
promoters. Some of these compounds
include tar, carbon monoxide, hydrogen
cyanide, phenols, ammonia, formaldehyde,
benzene, nitrosamine, and nicotine.
Illuminating Cancer at the Molecular Level
Technology is illuminating new strategies and methods for assessing cancer risk that will aid
in the identification and diagnosis ofthe disease at its most primary foundation-the molec-
ularlevel.
"People are now able to study what chemicals are doing
inside cells that affects the growth control of cells," says
Jeanette Wiltse, associate director for health at the National
Center for EnvironmentalAssessment at the EPA. "Thediffer-
ence between thewaycancer assessments weredone in the past
and the way they're going to have to be done in the future is
that we will pull this new information and technology into
assessing whether a compound-a chemical-that we're look-
ingathascarcinogenicpotential ornot."
Wlltse is a member ofthe team responsible for updating
the EPA guidelines for cancer risk assessment. The new guide-
lineswill require regulators to incorporatesuchfactors ashowa JeanetteWiltse-Molecular
chemical's structural features might affect its toxicity and how biology is the basis of new
a chemical is absorbed, metabolized, and distributed in the guidelines on risk.
body into chemical regulations. This new tack is being hailed as a major shift in the EPA's
regulation oftoxicchemicals.
"A whole new science has come out ofthe research ofthe last five to seven years," says
Wlltse. "Ouroldguidelines were based on data from 10 years ago. Basically, we're updating the
guidelines totakeinto accountthis newinformation aboutthemolecularbiologyofcancer."
Currently, the most simple and straightforward conceptual approach to quantifying and
qualifying causes ofcancer at the molecular level entails using carcinogen-DNA adducts to
identifyhowchemicals bind to DNA and cause mutations, explains Peter Shields, actingsec-
tion chief in the Molecular Epidemiology Section of the Laboratory of Human
Carcinogenesis at NCI. ButShields adds thatthetechnology is farfromsimple.
In the past, the abilityto measure the numberofadducts in an individual's DNAprovid-
ed researchers with a marker ofexposure. Today, it provides much more than that. "This is
where the field has evolved and matured over time," Shields says. "We understand that the
process leading to cancer is quite complex, and that humans as biological creatures are well
protected. The point is that we've learned these adducts are also markers ofhow the body
handles exposure, ofhow it absorbs and metabolizes chemicals, how it escapes detoxifica-
tion.
Afirtherextrapolation ofthis approach to riskassessment is aconcept Shields refers to as
"interindividual variation," or the detection ofsubpopulations ofsensitive or resistant indi-
viduals. "The body's ability to activate, detoxify, and repair itselfis different from person to
_ person," he says. "Just as the color ofour eyes are different, so
are our livers, and our repair mechanisms. Figuring out a way
to detect these sensitive individuals and sensitive subpopula-
tionsmight enable us to elucidate new causes ofcancer."
For example, the identification ofspecific genes and their
different forms could provide researchers with dues about an
individual's capacity for responding to exposures. Shields cau-
tions that the field is young and that at this time it is consid-
ered a major achievement when scientists are able to demon-
strate adirectgenetically mediatedeffect.
"We're thinkingofeveryone as individuals now, and that's
Peter Sheilds-Assessing afundamentaldifference," Shields says. "There couldbesubtle
interindividual variation is a differences in thepopulation thatwe don'tknowhow to quan-
differentapproachto risk. titate yet. For example, in approaching something like breast
cancer, we're thinking that maybe one type ofbreast cancer in
some women is related to one exposure and one susceptibility, and another type of breast
cancer inanothergroup ofwomen is related to adifferentexposureandsusceptibility."
In September 1994, researchers at the NIEHS and the University of Utah isolated
BRCAJ, a gene that may account for some inherited breast and ovarian cancers. This gene
could be used to identify women who would benefit from screening for early detection of
cancers. This discovery confirms the capacity of new molecular strategies for elucidating
causes ofcancer.
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By 1964 sufficient epidemiological data
on smoking and health were available to
support the claim that cigarette smoking
caused lung cancer, but it was not until
1986 that reports from the International
Agency for Research on Cancer (IARC),
the U.S. Surgeon General, and the
National Research Council concluded that
passive smoking caused lung cancer in
nonsmokers. Over the years, numerous
epidemiological studies have supported
and reinforced their conclusions. Studies
from the early 1970s consistently suggested
that children and infants exposed to ETS
experienced significantly elevated rates of
respiratory symptoms and respiratory tract
infections. Throughout the 1980s, epi-
demiological studies indicated that non-
smokers married to smokers were at an
increased risk for lung cancer. In addition,
studies have shown that industrial workers
are especially susceptible to lung diseases
due to the combined effects of cigarette
smoke and exposure to certain toxic sub-
stances present in theworkplace.
Metals. The EPA and IARC classify
arsenic as a carcinogen for which there is
sufficient epidemiological evidence to sup-
port a causal association between exposure
and skin cancer. Arsenic, a naturally occur-
ring, toxic metal, is released into the envi-
ronment naturally by solubilization from
geologic formations into water supplies. It
is also released into occupational and com-
munity environments by such activities as
nonferrous ore smelting and combustion
offuels containing arsenic.
According to Janice Yager and John
Wiencke in a 1993 supplement to
Environmental Health Perspectives (vol.
101, no. 3), studies of occupational expo-
sure to high concentrations ofarsenic in air
at copper smelters and community expo-
sure to arsenic in drinking water indicate
an increased risk of lung and skin cancer,
respectively. These authors also reported
that exposure to arsenic via drinking water
in Taiwan may have lead to increases in
cancer at other sites, such as the bladder
and kidney, and that epidemiological stud-
ies have indicated synergism between
arsenic exposure and cigarette smoking in
smelter workers in the induction of lung
cancer.
Some studies have indicated an associa-
tion between exposure to inorganic arsenic
and the development of lymphoma, lung,
bladder, and skin cancers. Such effects may
be due to arsenic acting in concert with
other substances in the environment.
Results of animal studies also support the
theory that arsenic acts with other agents
to alter or enhance carcinogenesis.
Cadmium is ubiquitous in the environ-
ment. Its most common natural form is
cadmium sulfide, which is generally com-
plexed with zinc, lead, copper, or iron, and
is recovered as a by-product from the pro-
cessing of these ores. The general public
may be exposed to cadmium predominant-
ly through contaminated food and water
and by inhalation ofcigarette smoke.
There have been numerous reports of
the acute and chronic effects of cadmium
in humans following accidental or occupa-
Prostate Br.s: Lung
244,000 10 95,400
Lung Prostate
96,000 40,400
in&Rectum 0;0000- t; iftilllii Colon& Rectum
70,700 27,200
Bladder Pancreas
37,300 13,200
ymphoma Lymphoma
34,000 12,820
Oral f __ ^wXg:Q;0;Leukemia
1tX , g :f::'-0-;-.,4fffE :S....................... - :' 11,100
DaoftheSkin Stomach
18,700 8,800
Kidney Esophagus
17,100 8,200
.eukemia 0 :; 0 ~ I iLiver
14,700 7,700
Stomach Bladder
14,000 7,500
Pancreas Brain
11,000 7,300
Lafox 0:X: :Kidney
9,000 17,100
Allsites All sites All sites
670 575,800 289
I1 and squamous cell skin cancer and carcinoma in situ.
zqpql:
WI ,Lr2;Eri
g 00 !25800
Volume 103, Number 11, November 1995 * Environmental Health Perspectives 1002Focus - The Cancer Conundrum
tional exposures. Various
health effects have also been
reported in experimental ani-
mals administered cadmium
by injection, ingestion, and
inhalation. The idea that cad-
mium might cause cancer in
humans was raised in 1967
when four men who had
worked in a factory making
nickel-cadmium batteries
died of prostate cancer. Sandra Steing
Although the information on gy offers a hol
the carcinogenicity of cadmi- tive on cancer
um is incomplete, epidemio-
logical studies during the last few years
have provided further support that cadmi-
um is carcinogenic to the lung, but not to
the prostate.
In 1987, IARC, in its Monograph on
the Evaluations ofCarcinogenicity, reviewed
a number of epidemiological studies on
occupational exposure to cadmium and
lung and prostatic cancer and concluded
that long-term occupational exposure to
cadmium may contribute to lung cancer.
Confounding exposures to arsenic, nickel,
and possibly other respiratory carcino-
gens, including cigarette smoking, pre-
vented a more definitive conclusion.
Radioactivity. Many adverse health
effects have been observed as a result of
exposure to various forms of radiation,
including ionizing, ultraviolet, and electro-
magnetic. Exposure to high levels ofradia-
tion can increase the risk of developing
cancer, though a radiation-induced cancer
is often indistinguishable from cancer
caused by other factors, making it very dif-
ficult to pinpoint radiation as the cause of
cancer.
The cancer risk associated with expo-
sure to high levels of ionizing radiation is
among the best understood ofany relation-
ship involving environmental agents and
cancer. X-rays, gamma rays, radioactive
materials in rocks and soil, radioactive iso-
topes, and coal burning are all examples of
ionizing radiation.
A National Institutes of Health Fact
Sheet published in 1994 cites historical
data on the implications of human expo-
sure to radiation. The adverse effects of
high doses of radiation were seen shortly
after the discovery of radioactivity in the
1890s. In 1902, skin cancers were reported
in scientists studying radioactivity. A 1931
report described cases of bone cancer in
women who wet their brushes on their
tongues to get a good "point" for painting
radium on watch dials. The role of radia-
tion in human leukemia was first reported
in 1944 in physicians and radiologists. The
Irab
flisti
rcaL
carcinogenic potential of X-rays was con-
firmed through epidemiological data, espe-
cially data on victims of
_ nuclear bombs in Hiroshima
_ and Nagasaki.
Additional information has
i been gleaned from studies on
_ the health effects of radon in
_~A uranium miners. Radon is
found outdoors and in all
dwellings as a result of the
A decay of uranium. Radon's
carcinogenicity is attributable
ber-Ecolo- chiefly to its short-lived,
'ic perspec- radioactive, alpha-emitting
usation. daughters, polonium-218 and
polonium-214. Radon eman-
ates as a toxic gas from the soil and from
building materials ofterrestrial origin, such
as stone, bricks, and concrete.
As reported byJonathan M. Samet and
colleagues in the August 1991 issue of the
JournaloftheAmerican MedicalAssociation,
epidemiological studies initiated in the
1950s and later, provide convincing evi-
dence that radon causes lung cancer in
miners. By the mid-1980s, it was widely
recognized that radon was present in
homes and other dwellings, sometimes
reaching concentrations comparable to lev-
els in uranium mines. When ventilation is
restricted, radon may accumulate in con-
centrations substantially higher than those
prevailing outdoors.
Studies oflung cancer risk from indoor
radon exposures are inconclusive, accord-
ing to Radon andLung CancerRisk:AJoint
Analysis of11 Underground Miners Studies,
a collaborative effort involving scientists
from all over the world, published in 1994.
Nonetheless, based on evidence gathered
from studies of miners, the NCI has esti-
mated that residential radon may cause as
many as 15,000 deaths from lung cancer in
the United States annually (see EHP vol.
103, no. 10). This estimate includes lung
cancers ascribed to radon expo-
sure alone and those attributed to
a combination ofradon exposure
and smoking. Available data sug-
gest that the risk of lung cancer
from exposure to radon and
smoking are at least additive, if
not multiplicative.
According to the NCI, skin
cancer is the most common type
of cancer in the United States.
Current estimates suggest that Devra Li
40-50% of Americans who live onmenta
to age 65 will have skin cancer at having al
least once. reproduc
Ultraviolet (UV) radiation
from sunlight is the major cause of skin
cancers, including malignant melanoma.
Artificial sources of UV radiation, such as
sunlamps and tanning booths, can also
cause skin cancer. There is extensive epi-
ee I
al fa
idve
ctive
demiological evidence supporting a direct
role of sunlight in skin cancer. The evi-
dence suggests that intermittent exposures
are important in melanoma, whereas
cumulative or occupational exposures are
more closely related to nonmelanoma skin
cancer.
Also of serious concern regarding the
rising incidence rates ofskin cancers is the
depletion of the ozone layer, caused by
man-made chlorofluorocarbons (CFCs).
Although their manufacture and import
into the United States will be illegal in
January 1996, these extraordinarily inert
chemicals have been used in numerous
commercial products, such as aerosols and
refrigerants. According to Steingraber, the
rise of refrigeration, made possible by
CFCs, resulted in a strange twist of fate:
healthier eating habits and lower rates of
stomach cancer, coupled with ozone
destruction and its accompanying rise in
melanoma and nonmelanoma skin cancers.
"Thanks to refrigeration, we are able to
eat fresh fruits and vegetables, and foods
that aren't preserved with nitrites, or by
smoking, pickling, or salting," Steingraber
says. "We've reduced our exposure to these
toxic substances that were commonly used
to preserve food 50 to 100 years ago, and
these changes may be behind the recent
decline in stomach cancer. Ironically, the
unforeseen consequence is a potential epi-
demic ofskin cancer."
In a May 1989 risk assessment docu-
ment, the EPA predicted that without con-
trols on CFC production, a 40% depletion
of ozone would occur by the year 2075.
The agency further concluded that for
every 1% decrease in ozone, there will be a
2% increase in the more damaging UV-B
wavelengths reaching the earth's surface.
Such an increase in UV-B penetration is
predicted to result in an additional 1-3%
increase per year in non-
_ melanoma skin cancer.
While there is strong evi-
dence that radiation from
sources such as radiotherapy
can increase the risk of
tumors of the nervous sys-
tem, the picture is less clear
concerning risks posed by
low doses of ionizing radia-
tion or EMFs. Characterized
Davis-Envir- as nonionizing radiation,
ictors may be EMFs are emitted from
!rse effects on devices such as power lines,
health. transmitters, and common
household items such as tele-
visions, clocks, computers, electric blan-
kets, and microwave ovens.
More than a decade ago, epidemiologi-
cal studies suggested that exposure to elec-
tromagnetic fields (EMFs) in occupational
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and residential environments might cause
cancer. Reports have indicated associations
between exposures to low-frequency
(50-60 Hertz) fields and rare cancers,
principally leukemia, and to cancers that
are currently increasing in the U.S. popula-
tion, including brain and breast cancer.
Acute lymphocytic leukemia (ALL),
which accounts for 85% of all childhood
leukemias in the United States, has been
linked to EMF exposure. A collaborative
study between NCI and the Children's
Cancer Group, headquartered at the
University of California at Pasadena, is
being conducted to evaluate the risk of
ALL associated with a wide range of fac-
tors, including EMF exposure. Data from
the study will be used to estimate the
amount of prenatal and lifetime EMF
exposure. EMFs have also been linked to
cancers of the nervous system and brain.
Evidence on the carcinogenicity of EMFs
has thus far been inconsistent, but the
potential health hazards of EMF exposure
remain an active area ofcancer research.
Investigators at the University ofNorth
Carolina at Chapel Hill's School of Public
Health recently assessed the relationship
between EMFs and breast cancer mortality
in female electrical workers in the United
States. Their findings, published in the
June 1994 issue ofJNCI, indicated that
women in electrical occupations have a
nearly 40% higher mortality risk from
breast cancer than women in the labor
force without occupational exposure to
strong electric or magnetic fields. Though
researchers at NCI disputed those findings,
David Savitz, a professor of epidemiology
in the School of Public Health at UNC,
and a member of the investigation team,
says that the increasing incidence ofbreast
cancer is justification for addressing the
hypothesis. "Given the numbers affected
and how little we actually know about
breast cancer, at least in terms ofways that
we can prevent it, we need to be pretty
open minded about what might be going
on here," says Savitz.
Breast cancer is the most frequently
diagnosed cancer in women in the United
States today. As pointed out in the SEER
Cancer Statistics Review 1973-1991, the
gradual, long-term increase in breast cancer
incidence seen over the past few decades is
difficult to explain. With the worldwide
annual incidence of breast cancer cases
expected to reach one million by the end
of this century, a causal relationship
between EMFs and breast cancer would
have broad implications.
In light of the fact that overall cancer
incidence rates are rising, most for reasons
that are unclear, Savitz's advice to remain
open minded is sound. It seems apparent
that lifestyle choices can either protect
against or promote the onset of cancer.
There is also ample evidence illuminating
the role that exposure to various natural
and man-made environmental substances
play in cancer. Ultimately, elucidating the
cause of cancer and protecting people
against its encroaching shadow will entail
vigilant research and clarification of the
interplay of environmental and genetic
factors.
Kate Cahow
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